The chemical composition of the volatile compounds isolated by simultaneous distillation-extraction (SDE) and headspace-solid phase microextraction (SPME) from flowers of Michelia champaca growing in Cuba was investigated by GC/FID and GC/MS. Sixty-seven and thirty-four components were identified by SDE and SPME, respectively, with 1,8-cineole (22.8%) as the main constituent in the volatile oil isolated by SDE, and methyl benzoate (30.3%), indole (16.6%) and -elemene (10.4%) the major components detected by SPME.
shows the results of the qualitative and quantitative oil analyses of the volatiles in M. champaca flowers. In total, 67 and 34 compounds were isolated by SDE and SPME, respectively, accounting for nearly 100% of the total volatile composition. Considerable variation occurs in the composition of the volatile oil and the headspace of the flowers. Important differences in the amounts of major volatiles were found, mainly 1,8-cineole (22.8%), with the highest content in the volatile oil, and methyl benzoate (30.3%), indole (16.6%) and -elemene (10.4%) with a high percentage in the headspace of the flowers, respectively. Benzenoids are often present in headspace samples of floral scent in many plant families [1e] . The main compound of this species (methyl benzoate), as well as other benzenoids, like 2-phenylethanol and benzyl alcohol, have been reported as main components of the floral scent of some Magnoliaceae [1f,g] . Indole is known to be a common constituent in the headspace and essential oils of many flowers [1e] . It is considered to be a major contributor to the fragrance of Jasminum species [1h].
Esters, such as methyl benzoate, ethyl benzoate, linalyl acetate, (Z)-3-hexenyl 2-methylbutanoate and methyl anthranilate were found in much higher concentrations in the headspace, whereas they had either totally disappeared or decreased in the volatile oil, probably due to hydrolysis during the hydrodistillation. Otherwise, some other esters like isobornyl acetate, 2-phenylethyl benzoate, methyl hexadecanoate, methyl linoleate and methyl octadecanoate were detected only in the volatile oil. Obviously, the methyl esters resulted from degradation of the lipids in the flowers. In the same way, the presence of linalool oxides in the volatile oil could indicate a partial degradation of linalool.
All the identified terpenes are often found in the floral scent of many plant species [1e]. In general, monoterpene and sesquiterpene hydrocarbons were in higher amounts in the headspace, probably due to the non-polar nature of the adsorbing fiber, with higher selectivity of non-polar components. Nevertheless, 1,8-cineole, which is a non-polar compound, was higher in the volatile oil, so it might be speculated that some other chemical changes occurred during the distillation. It is well known the many volatiles are also present in plants as glycosides. Volatile compounds can be released from these non-volatile precursors by enzymatic or acid hydrolysis during processing [2a,b] . This could be the explanation why many terpenic alcohols and eugenol were only detected in the volatile oil.
M. champaca is famous for the sweet odor of its blossoms. The flower possesses a scent that can be described as fresh, floral and strong sweet jasmine-like scent. Most of the aromatic compounds encountered have rather strong odors, and especially the esters are regarded as possessing floral notes [2c]. Methyl benzoate (heavy-sweet, deep-floral), indole (floral character highly reminiscent of jasmine and orange blossom) and 1,8-cineole (freshcamphoraceous) are contributing significantly to the fragrance of M. champaca flowers.
The chemical composition of the volatile oil and the headspace of the flowers reported by us are different from that reported for flowers from India. In the essential oil isolated by hydrodistillation, -copaene (19.8%) and 1,8-cineole (5.1%) were the major components, whereas in the headspace analyzed by SPME with NPC Natural Product Communications 2012 Vol. 7 No. 5 659 -660 660 Natural Product Communications Vol. 7 (5) 2012 Báez et al. a similar PDMS fiber, the highest amounts were found for (E,E)--farnesene (32.5%) and methyl benzoate (23.4%), which may be due to the specific environment of the growing site or genetic adaptation.
Experimental
Plant material: Flowers were collected early in the morning in July 2009 from plants growing in the National Botanic Garden in Havana. A voucher specimen was deposited in the herbarium of the National Botanic Garden under the accession no. 86473.
Simultaneous distillation-extraction:
Collected flowers (50 g) were blended with 500 mL of distilled water and simultaneously distilled and extracted for 60 min in a Likens-Nickerson microapparatus with 25 mL of diethyl ether (previously redistilled and checked as to purity). The volatile concentrate was dried over anhydrous sodium sulfate and concentrated to 0.8 mL on a Kuderna-Danish evaporator connected to a Vigreux column (1 x 12 cm) and then, to 0.2 mL with a gentle nitrogen stream.
SPME analysis:
Freshly-picked flowers (two units) were immediately placed into 40 mL screw-cap vials and tightly capped with caps containing PTFE/silicone septa (Supelco, Bellefonte, PA). The syringe injector of the SPME unit (Supelco), equipped with a 100 μm polydimethylsiloxane (PDMS) fiber, was inserted through the septum of the vial cap into the headspace of the sample for 20 min to achieve equilibrium, and then the fiber was exposed for 20 min at 25ºC. After withdrawing the fiber into the holder, it was brought to the laboratory for analyses.
GC/FID and GC/MS analysis:
Sample analyses were performed on a Konik 4000A gas chromatograph (FID) equipped with a DB-5 (J&W Scientific, Folsom, CA) fused silica capillary column, 30 m  0.25 mm, 0.25 m film thickness, temperature programmed as follows: 50ºC for 2 min, 50250C at 4C/min, ending with 10 min at 250C. The carrier gas was H 2 at a flow of 1 mL/min; injector port and detector temperature were 250C. Volatiles were desorbed from the SPME fiber in the splitless mode for 2 min and for the SDE extract by injecting 1 µL in a split mode with a 1:10 ratio. GC/MS analysis was performed on Shimadzu QP-5000 apparatus using a DB-5ms (J&W Scientific) fused silica capillary column (30 m  0.25 mm; 0.25 m film thickness) and temperature programmed as above. Compounds were identified by computer search using digital libraries of mass spectral data and by comparison of their retention indices [2d].
